Erratic clasts with a mass of up to 15 kg are described from preglacial shallow marine deposits (Wroxham Crag Formation) in northeast Norfolk. Detailed examination of their petrology has enabled them to be provenanced to northern Britain and southern Norway. Their clustered occurrence in coastal sediments in Norfolk is believed to be the product of ice-rafting from glacier incursions into the North Sea from eastern Scotland and southern Norway, and their subsequent grounding and melting within coastal areas of what is now north Norfolk. The precise timing of these restricted glaciations is difficult to determine. However, the relationship of the erratics to the biostratigraphic record and the first major expansion of ice into the North Sea suggest these events occurred during at least one glaciation between the late Early Pleistocene and early Middle Pleistocene (c. 1.1−0.6 Ma). In contrast to the late Middle (Anglian) and Late Pleistocene (Last Glacial Maximum) glaciations, where the North Sea was largely devoid of extensive marine conditions, the presence of far-travelled ice-rafted materials implies that earlier cold stage sea-levels were considerably higher.
Introduction
Much of our current understanding of the history of glaciation adjacent to the North Sea Basin is based on the distribution of glacial phenomena associated with large-scale ice sheet advances and retreats. Evidence of former glaciations in this region can be found on land and within the North Sea Basin and includes tills, erosional and constructional landforms and widespread glacial erosion surfaces (Bowen et al., 1986; Cameron et al., 1992; Sejrup et al., 1987; Bowen, 1999; Clark et al., 2004) . Whilst this evidence allows a relatively detailed reconstruction of glaciation spanning the past 480,000 years (Anglian to Devensian stages) (Perrin et al., 1979; Bowen et al., 1986; Carr, 2004; Clark et al., 2004; Rose, 2009) , the extent, scale and timing of glaciation prior to the Anglian (Marine Isotope Stage (MIS) 12) is relatively unknown. Despite this, it is apparent from well documented evidence from the northwest European margin and the Nordic Seas that several ice sheets adjacent to the North Atlantic, including the British-Irish Ice Sheet (BIIS) and Scandinavian Ice Sheet (SIS), had been active long before the Anglian (Heinrich and Baumann, 1994; Stoker et al., 1994; Jansen et al., 2000; Sejrup et al., 2000 Sejrup et al., , 2004 Lee et al., 2010; Thierens et al., 2011) .
Evidence from the Norwegian Channel, North Sea Trough Mouth Fan and the Northern North Sea demonstrates the existence of the Norwegian Channel Ice Stream draining the western sector of the SIS through the North Sea during the late Early Pleistocene (Fedje Glaciation / 1.1 Ma / MIS 34; Sejrup et al., 1987 Sejrup et al., , 2000 . Evidence for similar expansions of the BIIS around the North Sea is more limited and it is unclear whether this is an artefact of non-glaciation, interpretation of the geological record, or limited preservation of evidence. It has been suggested that the pre-Anglian BIIS was spatially restricted, and at its greatest extent probably did not advance beyond coastal areas adjacent to their highland source areas (Lee et al., 2010) . In all probability, direct evidence for these early glaciations is likely to have been removed by spatially more extensive Middle and Late Pleistocene glaciations. However, discrete evidence for these glaciations in the form of fartravelled erratics and iceberg scours may still be preserved in distal locations (e.g. Zandstra, 1971; Whiteman and Rose, 1992; Ekman, 1999; Graham, 2007; Kuhlmann and Wong, 2008; Toucanne et al, 2009) . Such evidence may provide a longer-term perspective on the spatial and temporal evolution of the BIIS and its response to regional-scale geographic and climatic drivers. In turn, they may permit a comparison of the history of the BIIS with other northwest European ice sheets (e.g. SIS), with long-term climate change in the North Atlantic region and with global-scale climate-forcing mechanisms (Lee et al., 2010; Thierens et al., 2010) .
Here we report the presence of erratic clasts (from cobble sized to 15 kg) in preAnglian ('pre-glacial') shallow marine and coastal deposits of the Wroxham Crag Formation (WCF) in northeast Norfolk that are from ultimate bedrock sources in northern Britain and southern Norway. The clasts are described and provenanced and possible mechanisms for their emplacement are evaluated. Finally their stratigraphic context within the Pleistocene climatic and sea-level history of Britain and northern Europe is outlined.
Regional geological context and site locations

Regional geological context
'Pre-glacial' Pleistocene deposits in East Anglia include shallow marine and coastal deposits (part of the Crag Group that were deposited along the western margins of the North Sea Basin) together with extensive fluvial sequences laid down by a number of major river systems that drained eastwards into the North Sea (Funnell, 1995; Gibbard, 1995; Rose et al., 2001) .
Crag Group deposits of Early and Middle Pleistocene age are sub-divided into an older Norwich Crag Formation (NCF: c. 2.6−1.8 Ma) and a younger Wroxham Crag Formation (WCF: c. 1.8−0.48 Ma) (Table 1) (Rose et al., 2001) . Sub-divisions are based upon relative ages determined by biostratigraphy and palaeomagnetism, and by lithological character and spatial proximity to fluvial sediments with which they interdigitate (Rose et al., 2001 (Rose et al., , 2002 Maher and Hallam, 2005; Lee et al., 2006 Lee et al., , 2008 Lee, 2009; Rose, 2009) . The fluvial deposits are represented by the Kesgrave Group, Ingham and Cromer Forest-bed formations deposited by the Thames, Bytham and 'northern' river systems respectively that drained across central England and East Anglia into the North Sea (Green and McGregor, 1990; Rose et al., 2001 Rose et al., , 2002 Lee et al., 2006; Lee, 2009; Rose, 2009) . The complex geometry displayed by these marine, coastal and fluvial deposits reflects the sensitivity and highly dynamic characteristics of the East Anglian region in response to fluctuations in sea level and high rates of subsidence (Funnell, 1995; Allen and Keen, 2000; Rose et al., 2001 Rose et al., , 2002 Lee et al., 2006; Rose, 2009) .
The Crag and related fluvial deposits in East Anglia form one of the longest, albeit discontinuous, temporal sediment archives within the Quaternary of the British Isles and has been correlated with sediments in the North Sea Basin and continental Europe Kuhlmann et al., 2006) . Collectively they provide a valuable insight into environmental change and landscape response within the North Sea region during the Early to early Middle Pleistocene. To date, most research on the Crag Group deposits has centred upon reconstructing depositional environments, defining their wider litho-and biostratigraphic context, and determining the links between marine, coastal and terrestrial processes (West, 1980; Rose et al., 1996 Rose et al., , 2001 Rose et al., , 2002 Briant et al., 1999; Allen and Keen, 2000; Pawley et al., 2004; Lee et al., 2006; Lee, 2009) .
The Early to early Middle Pleistocene Crag deposits reflect the progressive deterioration of regional (and global) climate that in turn drove numerous fluctuations in sea level within the North Sea Basin and highly dynamic terrestrial processes (Rose et al., 1985 (Rose et al., , 2001 Kemp et al., 1993; Candy et al., 2006; Lee et al., 2006; Rose, 2009) . Evidence for cold climates during the deposition of these units includes cold marine faunas (West, 1980; West et al., 1980) , and intra-formational ice-wedge casts formed during low sea-level stands (Gardener and West, 1975; Fish et al., 1998; Briant et al., 1999; Whiteman, 2002; Lee et al., 2003 Lee et al., , 2006 Candy et al., 2011) . Numerous studies have also reported traces of pebbles from north Wales and northern Britain determined by clast-lithological counts of Kesgrave Thames fluvial deposits (Whiteman and Rose, 1992) and WCF coastal deposits (Hey, 1976 (Hey, , 1982 Green and McGregor, 1990; Rose et al., 1996 Rose et al., , 2001 Briant et al., 1999; Lee et al., 2006) . Whilst the precise genetic and stratigraphic contexts of these erratics remain uncertain, due principally to their small size and propensity for recycling, several authors have suggested that they may originally relate to earlier glaciations within highland areas of Britain (Whiteman and Rose, 1992; Lee et al., 2006) . A glacial origin has also been argued for the occurrence of alkali amphibole and titanite ('sphene') heavy mineral grains found within the Easton Bavents Clay (NCF) (Solomon in Funnell and West, 1962) . However, Berger (in Gibbard et al., 1991) argued against a glacial origin for these grains, demonstrating both heavy minerals to be present throughout the Crag Group.
The earliest direct evidence for glaciation within the Pleistocene of East Anglia relates to the tills and outwash deposits of the Happisburgh Formation; these overlie, and in turn are partly overlain locally by the WCF Read et al., 2007) . Previously, it was thought that glacial deposits now attributed to the Happisburgh Formation, belonged to the North Sea Drift and were deposited during the Anglian Glaciation of MIS 12 (Bowen et al., 1986; Ehlers and Gibbard, 1991; Bowen, 1999) . Currently, the age of the Happisburgh Formation is the subject of much debate (Clark et al., 2004) with opinions divided as to whether this glaciation is indeed Anglian (Preece and Parfitt, 2008; Preece et al., 2009; Westaway, 2009) , or whether it relates to an earlier glaciation possibly equivalent to MIS 16 Hamblin et al., 2005; Rose, 2009 ).
Site locations
The WCF is readily accessible at West Runton and Sidestrand in northeast Norfolk (Figure 1 
Methods
In situ erratic clasts were collected from cliff-face and foreshore exposures of the WCF at West Runton and Sidestrand between 2004 and 2010. At both sites the cliff base is occasionally obscured by modern beach and fallen material, and unrestricted access is constrained to short periods following those storms that clear slipped debris and lower the foreshore sufficiently. The precise stratigraphic context was noted. The erratics were examined using a high-powered binocular microscope and thin sections under a standard petrological microscope. Specimens were compared with reference collections held by the British Geological Survey to determine their provenance. Specimens are now held in the geology collections of the British Geological Survey and Norwich Castle Museum.
Site stratigraphy and erratic lithologies
West Runton
Much of the 'pre-glacial' sequence to the east of Woman Hythe Gap at West Runton has been described by West (1980) , and confirmed by the work reported here ( Figure 2 ). The base of the sections observed by the authors corresponds to West's (1980) 'Bed E' -interpreted here as a distinctive tempestite WCF facies. It is composed of a c.0.5 m thick brecciated clay containing occasional thin seams of ferruginous gravel and detrital shell material. Overlying 'Bed E' is a variable assemblage of WCF coastal and estuarine sands, laminated silts and clays, and gravel ('Beds F−I' of West, 1980) . These include well-sorted and well-rounded beach gravels ('Bed I' of West, 1980) which are cut through by an icewedge cast that penetrates down to 'Bed F' (Figure 3 ). An examination of possible lateral equivalents of these deposits (the 'lower sands and gravels') by Rose et al. (2008) identified evidence for several hiatuses within the sequence and the development of both temperate and arctic soil structures. Younger deposits include the West Runton Freshwater Bed (West, 1980) , that fills a channel incised into the WCF and an overlying sequence of marine sands and gravels (WCF) (Davies et al., 2000) . The WCF is truncated at this study site by highly deformed Bacton Green Till (Sheringham Cliffs Formation) that marks the 'beginning' locally of the glacial succession. Earlier tills (i.e. the Happisburgh and Walcott tills) have been removed by glaciotectonic thrusting (Phillips et al., 2008) but crop out in situ at nearby sections both to the west and east.
Two clusters of far-travelled erratics, each composed of six specimens, were collected from 'Bed I' of the WCF. The clasts range between 0.06 and 0.23 m in a-axis length, and between 0.2 and 4.0 kg in mass. Six of the clasts were sandstones and angular quartzites with limited provenance value. The remaining six clasts were sufficiently distinctive to provide a meaningful provenance (Table 2) . Lithologies identified were: Old Red Sandstone, greywacke (x3), quartz dolerite and chlorite schist. None of the clasts that could be provenanced was striated, although all were of sub-angular to sub-rounded form, with rounded edges.
Sidestrand
Lee's (2009) subdivision of the 'pre-glacial' sequence at Sidestrand (Figure 4 ) is followed here (see also Reid, 1882; West, 1980) . Within this scheme, three major lithofacies associations may be recognised. The base of the succession consists of faintly stratified sand and gravel ('Units A and B') that records the migration of offshore sand and gravel bars within the outer parts of a river estuary. This is overlain by 'Unit C' the Sidestrand Unio Bed (sensu stricto) of the Cromer Forest-bed Formation (Lee, 2009; Preece et al., 2009 ), a stiff bluish-grey clay of fluvial origin, rich in Unio shells, that occupies a number of shallow channels cut into the underlying lithofacies. The uppermost part of the 'pre-glacial' succession is up to 4.0 m thick ('Units D−L'). It forms a transgressive sequence representing the transition from lagoonal to estuarine conditions. These deposits are unconformably overlain by glacial sediments, including glaciotectonites ('Units K and M') and till facies ('Unit N') of the Happisburgh Formation.
A cluster of far-travelled erratics was recovered from detached sections of 'Unit A−B' (Lee, 2009) ; they range in a-axis length from 0.16 to 0.35 m, and mass 0.05-15.0 kg. Twenty-two far-travelled clasts were collected, of which eighteen were sufficiently distinctive to provide a provenance (Table 3) . These clasts comprised quartz dolerite, diorite (felsic), chlorite schist, pyroxene-rich gabbro, greywacke, dark grey coarse grained metaquartzite, amphibolite ( Figure 5 ), biotite alkali-feldspar granite, rhomb porphyry ( Figure 6 ) and quartz mica schist. Clasts were typically of sub-angular or sub-rounded form but all exhibited rounded edges; none exhibited striations.
Discussion
Provenance of the erratics
A significant number of the far-travelled clasts from the WCF at West Runton and Sidestrand possess distinctive characteristics that enable their geographic and geological provenance to be determined (Figure 1 ). The majority of the metamorphic erratics are low-to mediumgrade greenschist facies most likely derived from the Dalradian meta-pelites of central Scotland. These include the grey meta-quartzite, the chlorite schist and the garnet mica schist. The amphibolite erratic is a meta-basite produced by higher pressures/temperatures than those associated with the greenschist erratics. 
Mechanism of erratic derivation and emplacement
The WCF erratics at West Runton and Sidestrand are located at least 500 km from their ultimate source areas. Their occurrence in 'pre-glacial' marine deposits in northeast Norfolk might be accounted for by one of two possibilities.
Hypothesis one is that these far-travelled clasts are reworked from pre-existing glacial sediments in the North Sea Basin by shallow marine and coastal processes. However, it is difficult to reconcile this mechanism with the highly concentrated spatial and stratigraphic clast distribution, the sub-angular form of some, and their not inconsiderable masses. Prolonged marine and coastal recycling would attenuate the concentration and mechanical abrasion would be expected to produce more rounded clasts. Furthermore, the palaeogeography of the 'pre-glacial' coastline of eastern England was interrupted by major river estuaries (Rose et al., 2001) (Figure 1 ), making long distance longshore-drift implausible.
Hypothesis two is that the far-travelled clasts were deposited by melt-out from (possibly grounded) icebergs in estuarine (Sidestrand) and beach (West Runton) environments with minimal local reworking. It is predicated on parts of the BIIS and SIS in northern Britain and southern Norway having floating ice margins within the northern and eastern North Sea Basin, upstream of which ice was actively eroding and entraining bedrock lithologies. This hypothesis is supported by both the clustered spatial and stratigraphic concentration of the erratics, and their frequently comparatively 'fresh' form. An ice-wedge cast penetrating the host deposit at West Runton indicates that the subsequent climate was sufficiently cold to support the development of permafrost after deposition of the erratic-bearing sediments.
Chronology
The precise date of emplacement of the ice-rafted 'erratics' in the WCF at West Runton and Sidestrand is difficult to determine and it is not certain that the 'erratics' at the two sites correspond to the same cold stage event. They could be the product of two separate glaciations. West (1980) regarded the host deposits of the erratics, now part of the WCF, as belonging to the 'Beestonian' cold stage, immediately preceding the early Middle Pleistocene 'Cromerian' interglacial. More recently, the 'Cromerian Complex' has been shown to consist of five temperate stages with intervening colder episodes that span the late Early to early Middle Pleistocene (MIS 21-13; c. 0.9-0.48 Ma). However at present, only four Brunhes Chron interglacial events have been tentatively recognised in Britain (Preece and Parfitt, 2000, 2008; Preece, 2001; Stuart and Lister, 2001; Preece et al., 2009) . It is thus unclear as to whether the so-called 'Beestonian' represents one or more cold stages of the 'Cromerian Complex' or an earlier cold event.
However, given the established Quaternary stratigraphic record in East Anglia, it is possible to establish broadly defined maximum and minimum age constraints for the iceberg-rafting event(s). Their minimum age is indicated by overlying organic deposits belonging to the Cromer Forest-bed Formation (Preece and Parfitt, 2000, 2008) . The icerafted erratics occur beneath the Unio Bed at Sidestrand which, based on faunal and aminoacid evidence, is believed to correspond to one of the younger interglacial stages of the 'Cromerian Complex' (Preece and Parfitt, 2000, 2008; Preece, 2001; Preece et al., 2009) . At West Runton, the WCF ice-rafted erratics underlie the normally magnetised West Runton Freshwater Bed which contains a fauna that suggests it relates to an older Brunhes 'Cromerian Complex' interglacial stage (Preece and Parfitt, 2000; Preece, 2001; Stuart and Lister, 2001 ). The maximum age of the WCF erratics is more difficult to establish. Graham (2007) and Kuhlmann and Wong (2008) , using 3D seismic data, reported iceberg scours from the British and Dutch sectors of the North Sea respectively and estimated the features to be around 1.8 Ma in age. This age coincides loosely with the onset of deposition of the WCF in East Anglia (Rose et al., 2001 ) and sub-polar conditions in the southern North Sea (West et al., 1980) . A more realistic age for the erratics within the WCF is that they are unlikely to be older than the late Early Pleistocene (c. 1.1 Ma), as this time interval corresponds to the earliest known large-scale expansion of the BIIS and SIS into the North Sea region (Ekman, 1999; Sejrup et al., 2000; Graham, 2007; Lee et al., 2010) . This places the WCF erratics at Sidestrand and West Runton within the late Early Pleistocene to early Middle Pleistocene interval (c. 1.1-0.6 Ma), a period that embraces the 'Menapian' (MIS 34) to late 'Cromerian Complex' (MIS 16) cold stages.
Palaeoclimatic context
The period between 1.1 and 0.6 Ma coincides with the Middle Pleistocene Transition (MPT) and the progressive change from a climatic signal dominated by the 41 ka obliquity cycle to one in which the 100 ka eccentricity cycle is most marked. Offshore evidence indicates an intensification of glacial activity associated with the BIIS and SIS from 1.1 Ma (Lee et al., 2010) . Within the North Atlantic region and specifically the Nordic Seas, the onset of the MPT is recorded by a sharp intensification of glacial and interglacial conditions (Jansen et al., 1988 (Jansen et al., , 2000 Heinrich and Baumann, 1994; Helmke et al., 2003; Knies et al., 2009) . Lithological evidence from Ocean Drilling Program cores 643 and 644 from the eastern Norwegian Sea indicate from 1.1 Ma more southern expansions of pack-ice, coupled with greater northern drift of icebergs derived from the North Sea region and erosion of Chalk bedrock within the Baltic (Heinrich and Baumann, 1994; Jansen et al., 1988 Jansen et al., , 2000 . 1.1 Ma also corresponds to the first shelf-edge expansion of the SIS during the Fedje Glaciation (Sejrup et al., 2000) and the first known expansion of the BIS into the coastal margins of the North Sea (Ekman, 1999; Graham, 2007) . Working on cores 81/26, 81/29 and 81/34 from the Fladen Ground and Devil's Hole areas of the North Sea, Ekman (1999) also identified several additional phases of glacial input into the North Sea loosely constrained to between 1.1 and 0.9 Ma. Several pre-Anglian incursions of Scottish ice into the central North Sea have been recognised, although their ages remain tentative and largely inferred. Firstly, Graham (2007) records a series of iceberg plough marks within the central North Sea tentatively dated at c.1.8 Ma. Secondly, a diamicton of possible Scottish origin within the Aberdeen Ground Formation (AGF) occurs above the Jaramillo Subchron and has been tentatively dated to the 'Bavelian Complex' (c. 0.9-0.8 Ma) (Sejrup et al., 1987) . Thirdly, higher within the AGF in the area of the Firth Approaches and Moray Firth, a sequence of glaciomarine deposits containing ice-rafted dropstones directly overlies the Brunhes-Matuyama palaeomagnetic reversal (c. 0.78 Ma, MIS 19) (Stoker and Bent, 1985) , and are coeval with iceberg plough marks recognised further offshore within 3D seismic data (Graham, 2007) . Holmes (2003) and Graham (2007) speculate that these glaciomarine deposits could therefore be as old as MIS 18. Finally, cut into the top of the AGF are a series of subglacial channels and 'tunnel valleys' that appear to be polyphase in origin. These tunnel valleys are partially infilled by sediments assigned to the 'Cromerian Complex' by Holmes (1997) . However, considered the valleys to be Anglian age, with the upper interglacial sediment-fill assigned to the Hoxnian.
Associated with the western sector of the BIIS on the Irish Continental Margin, Thierens et al. (2011) report several separate events that delivered ice-rafted detritus onto the Irish Continental Margin during the 'Cromerian Complex'.
At Dimlington, East Yorkshire ( Figure 1A ), shelly marine clays that contain possible ice-rafted erratics of Scottish and Scandinavian origin are preserved as glaciotectonic rafts within the Basement Till (?MIS 6) and are referred to as the Bridlington Crag (Catt, 2007) . Similar material from Bridlington contains shells, but with a much more restricted clast assemblage. Shells from the Bridlington exposure have provided amino acid ratios suggestive of an Early Pleistocene or early Middle Pleistocene age (Lewis, 1999; D.Q. Bowen pers. comm., 2009 ). Whilst it is not yet certain that all the material described as Bridlington Crag is of a single age, the Holderness evidence also suggests that ice-rafting of clasts was occurring in the Early-early Middle Pleistocene of the North Sea Basin.
Palaeogeography and relative sea-level
Deposition of ice-rafted erratics within the WCF at West Runton and Sidestrand derived from northern British and southern Norwegian sources implies the existence of an extensive body of water -either marine or glaciolacustrine, within the southern North Sea Basin. The existence of an extensive glaciolacustrine basin dammed to the south by land would imply the confluence of the BIIS and the SIS within the northern North Sea. Whilst there is evidence for both ice sheets extending into the northern North Sea around 1.1 Ma (Ekman, 1999) , whether the ice sheets were confluent is unclear. Additionally, the erratics cannot be chronologically constrained to this event, and the extent and chronology of North Sea glaciations between 1.1 and 0.6 Ma is uncertain. The simplest explanation is that ice-rafting occurred under marine conditions within the North Sea Basin, and this enables three inferences to be made. First, that during these early glaciation(s) the maximum extent of ice sheets into the North Sea Basin was partly controlled by marine conditions and that iceberg calving occurred along a floating ice margin. Secondly, that relative sea-level within the North Sea was sufficiently high to enable the southward and westward drift of icebergs into the western margins of the southern North Sea. Thirdly, the location of the sites adjacent to the pivot zone separating regions of uplift (to the west) and subsidence (to the east), indicates that the present elevation of the sites (c.2-4 m O.D.) broadly represents the elevation at which the erratics were deposited. Whilst the presence of a calving ice margin in the deeper northern North Sea is perhaps not unexpected, the drift of icebergs so far southwards and westwards into the southern North Sea during glacial low sea-levels stands is surprising. The southern North Sea basin during the Early and early Middle Pleistocene was occupied by an extensive northwards prograding delta complex fed by rivers that drained central Europe, the Fennoscandian Shield and Britain (Cameron et al., 1992; Funnell, 1995; Gibbard, 1995) . Examination of the delta clinoform using seismic data suggests that water depths at the distal (northern) end of the delta may have been up to 40−60 m during high sea-level stands. However, the presence of a relatively high glacial sea-level in the southern North Sea during the deposition of the ice-rafted erratics is intriguing as this region would arguably be one of the most sensitive areas of the North Sea Basin to global sea-level change. Evidence from a number of sites in East Anglia demonstrates that during the 'Cromerian Complex' sea-level around the margins of the southern North Sea fluctuated markedly with several oscillations ranging between coastal and terrestrial conditions (Allen and Keen, 2000; Lee et al., 2006) . Furthermore, during the Anglian (MIS 12) and Last Glacial Maximum (MIS 2) glaciations much of the North Sea Basin, and especially the southern North Sea, was largely devoid of marine conditions (Cameron et al., 1992; Carr, 2004) . This suggests, tentatively, that sealevel falls during late Early to early Middle Pleistocene glacial stages were smaller than those in late Middle Pleistocene and Late Pleistocene glacial stages. Evidence for similar sea-level trends has been found elsewhere from offshore data. Indeed, whilst interglacial sea-levels have remained largely similar, glacial sea-levels prior to c. 1.0−0.9 Ma were some 20 to 30 m higher than those that followed this time interval (Kitamura and Kawagoe, 2006; Sosdian and Rosenthal, 2009 ). This temporal threshold reflects a marked intensification in the scale of later Northern Hemisphere glaciations, and the increased ability of ice sheets to lock-up water as ice (Sosdian and Rosenthal, 2009 ).
Conclusions
• Concentrations of erratics within WCF coastal deposits at Sidestrand and West Runton in northern East Anglia are considered the product of melt-out from (possibly grounded) icebergs.
• The provenance of the erratics implies that these icebergs were derived from glaciers that were eroding bedrock in the Southern Uplands, Midland Valley and southern Grampian Highlands of Scotland, and Oslofjord in southern Norway.
• The age of these erratic-bearing beds can be broadly constrained to a period from the late Early Pleistocene to early Middle Pleistocene interval (c. 1.1-0.6 Ma, a time period that spans the 'Menapian' (MIS 34)) to late 'Cromerian Complex' (MIS 16) stages.
• These erratics demonstrate both the existence of restricted glaciations in Scotland and Norway, and their periodic expansion into the North Sea Basin prior to the maximum extent of the ice sheets during the Anglian Glaciation (MIS 12) of the Middle Pleistocene.
• This research supports the work of Sejrup et al. (1987) and Ekman (1999) that argues that both the BIIS and SIS were active in the North Sea Basin on at least one occasion well before the Anglian stage of the Middle Pleistocene.
• The deposition of the erratic-bearing beds during these early glaciations appears to coincide with higher glacial sea-levels than occurred during the late Middle and Late Pleistocene. 
